Abstract Hepcidin is a 25-amino acid peptide hormone produced by hepatocytes and plays a key role in body iron metabolism. Hepcidin deficiency is the cause of iron overload in hereditary hemochromatosis, iron-loading anemia, and its excess is associated with anemia of inflammation, chronic disease and iron deficiency anemia (IDA). The aims of this study was to evaluate HAMP gene mutation, namely IVS2 ? 1(-G) (c.148-150 ? 1del) and Gly71 Asp (c.212G [ A (rs104894696) association with iron status in IDA conditions. Our study participants were 500 IDA patients and 550 age and sex-matched healthy controls. Hepcidin, ferritin and CRP analysis was done by ELISA method while ESR analysis was done according to Wintrobe method. CBC analysis was done by auto-analyzer. Two mutations in the HAMP genes were analysed by PCR RFLP method. Among the IDA patients, 7 were heterozygous for Met50del IVS2 ? 1(-G) mutation. Nine IDA patients were heterozygous for G71D G-A mutation and homozygous were not identified in both mutations.Controls were showing heterozygous frequency 1.8 and 2.1% of Met50del IVS2 ? 1(-G) and G71D G-A mutations respectively. Mutation of HAMP (Met50del IVS2 ? 1(-G) and G71D G-A) were clinically associated with IDA and act as modulator of disease.
Introduction
Hepcidin is a protein found in humans and encoded by the HAMP (hepcidin antimicrobial peptide) gene. Hepcidin plays a key role in body iron metabolism by preventing the release of iron from macrophages and intestinal cells. Hepcidin is a key regulator of the entry of iron into the circulation in humans. Defective hepcidin synthesis causes iron loading, while overproduction results in defective reticuloendothelial iron release and iron absorption [1] [2] [3] . Inflammations resulted high level of hepcidin where serum iron falls due to iron trapping within macrophages and liver cells and decreased gut iron absorption and leads to anemia due to an inadequate amount of serum iron being available for developing red cells. Iron overload occurs due to excessive ferroportin mediated iron influx in hemochromatosis when the hepcidin level is abnormally low. Iron deficiency anemia (IDA) is caused by the failure of adequate iron absorption and studies have found that measuring hepcidin would be of benefit to establish optimal treatment in IDA, although as this is not widely available, C-reactive protein (CRP) is used as a surrogate marker [4] [5] [6] . Induced iron loading in the liver was found to be associated with increased HEPC gene expression in mice experiment [7] . A study reported that a complete lack of hepcidin in mice leads to progressive iron pooling similarly the iron overload of human hemochromatosis, with excess iron in hepatic and reticuloendothelial cells [8] . Overexpression of hepcidin in the transgenic animals' liver have decreased body iron levels and presented at birth a severe microcytic hypochromic anemia [9] . The role of hepcidin as an iron regulator whose induction results in a decrease in both dietary iron absorption and transplacental iron transport [10] . Inactivation of HAMP gene in mice leads to severe iron overload, whereas its overexpression in & S. Pandey pandeysweta22@rediffmail.com transgenic mice leads to IDA which is similar as in humans [8, 9] . It has been recently, demonstrated that an inappropriately low expression of HAMP mRNA is constant in hemochromatosis related to the HFE gene, both in humans and in animal models [6, [11] [12] [13] [14] [15] . In normal condition, hepcidine inhibit excess iron absorption in gut mucosa and maintain normal level within the body, while in mutant condition it losses the function and lead iron overload.This is the preliminary study on genetic form of iron haemostasis and clinical association with IDA. Our aim was to correlate the genotype-phenotype behaviour of HAMP(Met50del IVS2 ? 1(-G) and G71D G-A) mutant condition in IDA.
Materials and Methods

Study Subject and Base Line Investigation
Study participants were 500 IDA patients and 550 age and sex-matched healthy controls. Fifty-eight percent recruited subject and 52% controls were belonging in tribal populations. From recruited subjects and controls, five millilitres of venous blood were collected after obtaining the signed informed consent. Study was approved by the institutional ethics committee. All IDA patients were diagnosed by iron profiling and complete blood count analysis. Hepcidin, ferritin and CRP analysis was done by ELISA method while ESR analysis was done according to Wintrobe method. Hemogramanalysis was done by autoanalyzer (SYSMEX K-4500, Kobe, Japan).
Detection of Mutation
Total genomic DNA was isolated from peripheral blood leukocytes by the kit (Bioserve Frenchtown, NJ, USA) method. Two mutations in the HAMP gene, namely the IVS2 ? 1(-G) splice site mutation at the end of exon 2 and a G to A (Gly71Asp) substitution at nucleotide 212 in exon 3 were analysed by PCR(BIORADC1000 TM USA)RFLP(restriction fragment length polymorphism) method. Sense primer was 5 0 AGCAAAGGGGAGGGGGCTCAGACCAC and antisense primer was 5 0 TCCCATCCCTGCTGCCCTGC-TAAGGAC for Met50del IVS2 ? 1(-G) mutation and BstF5I (NEB, UK) restriction enzyme was used for restriction digestion. G71DG-A mutation sense primer was 5 0 TTGCCGGGAGCCAGTCTCAGAGGTCCAC and antisense primer was 5 0 TGCAAGGCAGGGTCAGGA-CAAGCTCTTAGC and AciI (NEB, UK) restriction enzyme used for restriction according to published literature with few modifications [16, 17] . Student's t test was used to compare the means of groups using GraphPad software (version 3.06). P \ 0.05 was considered statistically significant.
Result
A total 500 IDA patients were evaluated (320 males and 180 females with a mean age of 23.7 ± 3.2 and 20.3 ± 2.6 years respectively). Out of 180 females, 88 were ingestation and 92 were in non gestation period. A complete blood count, iron profile, CRP and ESR were performed in all subjects as well as in age -sex matched controls (350 male and 200 female with mean age 23.1 ± 2.3 and 18.7 ± 3.6 years respectively). Out of 500 subjects studied in this study, 350 were tribal ethnic origin of Vindhyan region, Madhya Pradesh especially Kol, Gond, Panica and Khairwar tribes. Two HAMP gene mutations, namely the Met50del IVS2 ? 1(-G) (c.148-150 ? 1del splice site mutation) in intron 2 and a G to A substitution at nucleotide 212 position (p.Gly71Asp) (rs104894696) in exon 3 were analysed. Amongst the IDA patients, seven were heterozygous for Met50del IVS2 ? 1(-G) mutation. Nine were heterozygous for G71D G-A mutation. Controls revealed heterozygous frequencies of 1.81 and 2.18% of Met50del IVS2 ? 1(-G) andG71D G-A mutations respectively. Neither IDA patients nor controls were homozygous conditions for these mutations. There were no compound heterozygotes of two alleles. Comparative iron profile, value of hepcidin, CRP and ESR of heterozygous and wild genotype IDA patients is given in Table 1 . Comparative frequency of clinical symptom is given in Fig. 1 .
Discussion
With objectives of this study, a clinical association between HAMP gene mutation and phenotypic expression in IDA have been studied. Identified genetic variants in the HAMP gene and associations between the genotypes were found in iron status parameters. Various forms of hemochromatosis appear due to hepcidin deficiency, ultimate cause of either due to mutations in the HAMP gene itself or due to mutations in the regulators of hepcidin synthesis. Hepcidin estimation as the pathogenic factor in most systemic iron disorders should provide important opportunities for improving their diagnosis and treatment [18] . HAMP gene expression modifications further suggest an important role for hepcidin in iron homeostasis under various pathophysiological conditions, which may support the pharmaceutical use of hepcidin agonists and antagonists in various iron homeostasis disorders [10] .
We reported the significant elevation of serum ferritin and haemoglobin level in Met50del IVS2 ? 1(-G) and G71D G-A heterozygote's while decreasing level of ESR and CRP were observed. Level of hepcidin and TIBC were elevated in HAMP (Met50del IVS2 ? 1(-G) and G71D G-A) wild type while % transferrin saturation level was elevated in heterozygous and p values were statistically significant.
A new mutation (C70R) of HAMP was discovered, which affects 1 of the 8 conserved cysteines that form the disulfide bonds and are critical for the stability of the polypeptide [19] . The c.-582A [ G HAMP promoter variant was not associated with serum iron, transferrin or ferritin levels in the healthy population. The c.-153C [ T variant showed a frequency high enough to be considered when a genetic analysis is done in iron overload patients [20] . HAMP expressions play a key role in modulation of systemic iron levels. Mutation of HAMP express the deficient production of hepcidin that differences in the level of its expression may partly account for the phenotypic variant in iron metabolism between individuals. Hepcidin has been explored as an indicator of iron status in more complex clinical scenarios [21] .
Our controls had 1.8 and 2.1% heterozygous frequency of Met50del IVS2 ? 1(-G) and G71D G-A mutations respectively while IDA patients were presenting 1.4 and 1.8% frequency of heterozygous for same mutations. This data suggested that frequencies of these mutations are approximately similar in controls as well as patients in Asian Indian populations. Another similar study did not report the HAMP genotype in their Indian populations [17] . G71D G-A mutation frequency was higher in patents as well as controls group. A study revealed the hepcidin is a diagnostic test for IDA and another study provides age-and sex-specific reference ranges of serum hepcidin concentration and indicates ferritin as the primary correlate of serum hepcidin concentration [22, 23] . Inactivating mutations of hepcidin result in a rare form of juvenile haemochromatosis whereas hepcidin overexpression in inflammation causes anemia of chronic diseases with features of iron restricted erythropoiesis in humans [24] . Concentrations of hepcidin can be used in the management iron-loading anemias. Hepcidin is key in the diagnosis of iron refractory IDA and can be used to the diagnosis of iron deficiency in patients with anemia of chronic diseases [25, 26] . Erythropoietin response and intravenous iron analysis can be guided by potential marker of hepcidin and might be used in treatment decision [27] . Diagnostic and therapeutic approaches of this new knowledge are beginning to emerge. The role of hepcidin in iron haemostasis could lead to new opportunities for therapies of hemochromatosis and anemia of inflammation [28] .
Typical clinical symptoms of iron deficiency anaemia were less severe in HAMP heterozygous. Findings of this study showed the HAMP heterozygous mutation may be beneficial of iron deficiency anemia patients and need to be diagnosed by HAMP genotyping. HAMP genotyping could be used in treatment decision and overcoming from the iron overload and chelation therapy. Ethical Approval Study was approved by Awadhesh Pratap Singh University Ethics committee. Samples were collected after taken signed consent from patients.
